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Abstract 
We report the synthesis of nikel (Ni) nanoparticles produced by modified polyol method using N2H4.6H2O and ethylene glycol (EG) 
without any protective agent. The synthesis was conducted in 1 hour of heating at 60˚C. Transmission Electron Microscopy (TEM), X-ray 
Diffraction (XRD) and Field Emission Scanning Electron Microscopy (FE-SEM) have been used to characterize the Ni nanoparticles. 
TEM results showed that as-resulted Ni nanoparticles were almost spherical with size between 2 nm to 600 nm. XRD analysis indicated 
that the as-synthesized nanoparticles were Ni nanoparticles of face-centered cubic <fcc> crystal structure. Reaction rate increased as 
molar ratio of N2H4/Ni2+ increased with different degree of agglomeration. Particles produced at the highest molar ratio showed the 
highest degree of agglomeration as compared to other lower molar ratios. Also, we speculate the reduction of Ni2+ and formation of by 
product though colour changes of the reaction. 
 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Centre of 
Humanoid Robots and Bio-Sensor (HuRoBs), Faculty of Mechanical Engineering, Universiti Teknologi MARA. 
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1. Introduction 
Synthesis of nanoscale materials is the most important prerequisite in building of nanoblocks towards fabrication of 
functional devices in nanotechnology. Two main approaches of nanoscale material can be identified as bottom-up and top-
down approach. Top-down approach is breaking down a system into sub-system that usually involved mechanical size 
reduction such as grinding or milling. The advantage of the top down is it can produce large quantity of nanoparticles  but 
not uniformed in size. On the other hand, bottom-up approached is a piecing together of system to a bigger system which 
usually involve chemical reaction such as wet chemical synthesis. Bottom-up approached have been extensively used as the 
synthetic method of producing nanomaterials with an advantage of more controllable of as-synthesized products. Utilizing 
bottom-up approached, the preparation of nanoparticles can be achieved through various methods. Synthesis of precious 
elemental nanoscale particles such as Co and Ni can be challenging attempts compare to metal oxide nanoscale materials 
synthesis because of several limitations such as their tendency to oxide spontaneously when exposed to air. 
Extra ordinary catalytic and magnetic’s properties have put Ni nanoparticles as one of the preeminent magnetic material 
among nanoscale materials. It has tremendous potential in many important applications such as electrical, optical 
biochemical and biomedical fields [1-2]. This has become a driving force and intriguing to develop controlled synthesis of 
Ni nanoparticles. In the process of nanotechnology development, one of the incipient steps that need to be encountered is 
the issues on synthesizing nanoscale materials and their behaviour. Although studies on this matter have been carried out 
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more than decades ago, we still have less understanding on governable syntheses, and this promotes active researches and 
development in this subject. 
There are many methods have been developed to synthesize nanoparticles. Nanoparticles such as Ni nanoparticles have 
been synthesized through chemical control reduction [3], hydrothermal [4], ethanol-water system (EWS) [5], 
electrochemical [6], sol-gel [7] and polyol [8-10]. Among these methods, polyol synthesis presents the production of 
monodispersed metallic nanocrystals with a controlled particle size at nanometer scale, energy-efficient and 
environmentally friendly process as the reaction is carried out under closed system conditions compared to some syntheses 
methods that use noxious compound. It is also a cost-effective method, feasible and suitable for scaling up compare to any 
other methods which involve the use of expensive and noxious compound as well as complicated process [11]. Besides that, 
it is also not as susceptible to impurities as another method.  
Followed after the first work using polyol by Fievet et. al [8] in 1980`s, there have been extensive works carried out 
utilizing polyol as the method for synthesis of nanosize materials [9-10]. The size, shape and morphology can be 
prudentially controlled by manipulating factors such as concentration of precursor, concentration of reducing agent, type of 
reducing agent, temperature, pH, and nucleating agent [9, 12-13]. By varying all of these factors, the size, shape and 
foundation of as-synthesized product can be tailored easily and the best method for scaling up production can be triggered.  
In this work, we have synthesis Ni nanoparticles via polyol method utilizing hydrazine as a reducing agent and polyol as 
a solvent. The goal this work is to study in effect of hydrazine concentration on Ni nanoparticles formation focuses on the 
degree of particles agglomeration. Throughout this work, additional research information is highlighted providing a 
comprehensive finding for a better control of not only in the synthesis of Ni nanoparticles, but also may be extended to other 
magnetic nanoparticles. 
 
2. Materials and Methods 
 
2.1 Chemical and reagents 
 
All chemicals used in this experiment were analytical grade and used as received without further purifying. Nickel 
chloride hydrate (NiCl2.6H2O), 80wt% hydrazine hydrate (N2H4.H2O) and sodium hydroxide (NaOH) was obtained from 
Merck. Ethylene glycol (EG) that was used as a surfactant was from Systerm. 
 
 
2.2 Preparation methods 
 
All the reactants were diluted and dissolved in EG to make up a certain concentration respectively. In typical experiment, 
2- 12 M of N2H4 was added to heat-to-60˚C (Ni2+ + NaOH) solution in a three-neck flask equipped with stirring bar, a 
thermometer, a dropping funnel and a condenser. Concentration of Ni2+ was fixed at 0.1 M and 1 M for NaOH. The 
temperature was maintained at a constant value of 60˚C all through the synthesis duration which was control using oil-bath. 
Temperature was monitored using thermometer. Initially green colour solution turned to black, indicating the formation of 
Ni metal. The mixture was heated for 5 min to 2 hours under vigorous stirring. After the reaction complete, the colloidal 
was cooled to room temperature and the particles were precipitate from the solution by adding ethanol. An aliquot of the 
colloidal was taken for transmission electron microscopy (TEM) characterization. The rest of particles were recovered by 
centrifugation, thoroughly washed a few times with ethanol and acetone until colourless supernatant was obtained. To 
facilitate the x-ray diffraction analysis, the particles were then dried in vacuum for several hours at ambient temperature. 
Reaction time is the period from the mixing of hydrazine to the end of the reaction. The reduction can be expressed as Eq. 
(1). 
2Ni2+ + N2H4 + 4OH- Æ 2Ni + N2 + 4H20       (1) 
 
 
2.3 Characterizations 
 
The particles size and morphologies were examined using CM 12 Philips TEM operating at 120 kv with magnification 
ranging from 3 k – 100 kx and Zeiss Supra 55VP FE-SEM using magnifications ranging from 1 – 100 kx and an operating 
voltage of 5 kV. Samples were prepared by drying the as-synthesized particles on a copper plate for several minutes in air at 
room temperature. Samples were prepared by dropping a drop of colloidal sample on a copper grid with carbon coated and 
let dry for several minutes in air at room temperature. Crystallographic structure and crystallite size of precipitated Ni 
nanoparticles were identified using Bruker XRD D8 Advanced with Cu-Kα (λ = 0.154021 nm) radiation source in the angle 
range of 2θ = 20˚ - 80˚. Samples for XRD analyses were obtained by recovering the as-synthesized products from the 
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solutions using centrifugation, followed with washing the precipitates using ethanol and acetone for a few times and were 
dried in a desiccator at room temperature over a few minutes.  
3. Results and discussion 
In this experiment, to ensure the complete reduction of Ni2+ to Ni, the reaction were carried out using hydrazine 
concentration varied in the range of 2 M to 12 M with molar ratio of N2H4/Ni2+ designed to vary from 5 to 30, while 
concentration of other reactants were kept constant according to stoichiometric values based from Eq. (1). Further increase 
of hydrazine concentration for higher molar ratio using N2H4 with concentration of 16 M for molar ratio of 40 produced 
some kind of bubbles while heating with a very strong smells of solutions after 1 hour of heating which might come from 
decomposition of N2H4.H2O to form ammonia/hydrogen and nitrogen when heated. Therefore this set of parameter was not 
performed at higher molar ratio.  
Fig. 1(a-d) show the TEM micrographs of as-synthesis products at different molar ratios. It revealed the presence of 
spherical particles estimated to have very wide size range of as-synthesized Ni nanoparticles. When the molar ratio 
N2H4/Ni2+ is 5 (Fig. 1(a)), sizes can be estimated to range between 2 to 27 nm being deduced from the micrograph. At molar 
ratio 10 (Fig. 1(b)), particles size decrease with size distribution approximately 3 to 7 nm and are quite homogeneous. 
Sample R20 in Fig. 1(c) shows a mixture of particles with various sizes in range of 32 to 105 nm with soft agglomeration. 
Raising the molar ratio to 30 not only increased the particles size, the degree of agglomeration also become more severe, 
which can be seen in Fig. 1(d). Molar ratio 30 showed a very high degree of agglomeration and individual particle cannot be 
distinguished that only big black sports can be observed in the micrograph. In order to investigate the shape and size, as-
synthesized particles in sample R30 were also been analyzed with FE-SEM. Typical FE-SEM micrograph in Fig. 2  shows 
spherical and submicron size of Ni particles of sample R30.  
 
 
 
 
 
Fig. 1. TEM micrographs of as-synthesized Ni nanoparticles of sample (a) R5 (N2H4/Ni2+ = 5), (b) R10 (N2H4/Ni2+ = 5), (c) R20 
(N2H4/Ni2+ = 5) and (d) R30 (N2H4/Ni2+ = 5) respectively. 
 
(b) 
(c) (d) 
(a) 
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Fig. 2.Typical FE-SEM micrograph of sample R30. [Ni2+] = 0.1 M; [N2H4] = 12 M; N2H4/Ni2+ molar ratio = 30 
 
A series of XRD patterns at 0 revealed the present of three peaks observed at 2θ = 44.5˚, 51.8˚ and 76.4 ˚ that can be 
assigned to Miller indices <111>, <200> and <220> plane respectively. This demonstrated that all precipitates were face-
centered cubic <FCC> phase-pure of Ni which are in the good agreement with JCPDS card of Ni (JCPDS 01-1260) [14], 
without any distinct diffraction peak except for sample R30. Notice that sample R30 have two insignificant peaks at 33.9˚ 
and 59.9˚ that belong to Ni-complexes which formed from reaction between NiCl2 and N2H4 [15]. Inset in Fig. 3 gives a 
clearer view of the peaks. The cell parameters of precipitates were in the range 3.518 to 3.524 nm which close to the value 
of standard parameter 3.525 nm reported [16]. The decrease of crystallite site can easily be monitored by the broadening of 
the (111) reflection as molar ratio decrease. 
 
 
 
 
Fig. 3. XRD patterns of sample (a) R5 (N2H4/Ni2+ = 5), (b) R10 (N2H4/Ni2+ = 10), (c) R20 (N2H4/Ni2+ = 20), (d) R30 (N2H4/Ni2+ = 30). 
The inset shows the two small peaks of Ni-complex for sample R30 mark as Δ. 
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Crystallite size was carried out using Scherrer Eq. (2). 
 
(2) 
 
where K is a constant, λ is the x-ray wavelength, β is the line broadening at half the maximum intensity (FWHM) in radians, 
and θ is the Bragg angle. Estimated crystallite size of all samples at (111) peak are tabulated in Table 1. It should be noted, 
crystallite size were taken into consideration in this parameter as TEM analysis cannot give enough information on the 
particles sizes. Agglomeration is understood to increase with increasing the molar ratio. On the other hand, the crystallites 
size decrease and almost no changes after N2H4/Ni2+ < 20. Higher molar ratio may enhanced the reduction rate where more 
nuclei were formed thus reduce the size of crystallite [17-18]. On the contrary, it also led to formation of higher degree of 
agglomeration as seen in Fig. 1(d). Assuming that observed particles in Fig. 1(c) were the secondary particles consist of 
several numbers of primary particles that formed from single crystalline, these finding might suggest that the smaller 
primary particles the more tendency for its to coalesce with each other and agglomerate into bigger secondary particles.  
This, we reckoned, could be due to the large surface areas of smaller particles compare to bigger particles, thus produced 
higher surface energy which driven them to minimize the surface energy by agglomeration with their neighbors.  
Furthermore, the quick reaction cause by higher concentration of N2H4 may have weakened the crystallinity. Concentration 
of [N2H4] = 12 M (molar ratio =30) may not suitable and too high to be used with [Ni2+] = 0.1 M.  
 
Table 1. Recorded observations of colour changes during synthesis and the calculated crystallite size of each sample 
 
Sample # N2H4/Ni2+ molar ratio Observation during synthesis Crystallite size, XRD (nm) 
R5 5 Blue Æ green Æ black 22.21 
R10 10 Blue Æ green Æ black 19.2 
R20 20 Blue Æ green Æ black 15.8 
R30 30 Blue Æ black 16.0 
 
 
The colour changes observed were recorded as in 0.Sample R30 with the highest molar ratio of 30 showed the most rapid 
reduction where the colour changes only involved changes from blue straight to black. It is believed that reduction happen 
so rapid that we cannot observed the colour changes from blue to green indicate the formation of Ni(OH)2. This finding also 
explained the existence of Ni-complexes in Fig. 2(d). While molar concentration of N2H4 increased, the amount of NaOH 
was kept constant. Therefore OH- ion may not be sufficient to decompose all initially formed Ni-complexes to Ni(OH)2 as 
the reaction proceeded.  Certain amount of this Ni-complexes did not been washed away and stick together with as-
synthesized Ni particles even though centrifugation and washing have been carried out several times. Unlike sample R30, 
other samples went through the three colours changes steps that involved changed of blue and green solutions, which 
obviously show the formation of Ni-complexes and Ni(OH)2 respectively before formation of black solution of Ni particles. 
Illustration of Ni metal production in excess N2H4 in sample 30 is shown in Fig. 4(b). Park et al (2006) [15] reported that 
reaction between Ni and N2H4 may produced complexes of Ni(N2H4)2Cl2, [Ni(N2H4)3]Cl2 and [Ni(NH3)6]Cl2 which highly 
dependent to reaction parameters such as temperature and molar ratio of  N2H4/Ni2+. 
Sample R5 on the other hand, showed the slowest reduction rate from observation of colour changes to black. It is 
obvious and reasonable to believe that the reduction rate increased with increasing the molar ratio by these observations. 
The results are also comparable with previous works done [18-19]. However results from TEM analyses on the increased of 
particles size as the molar ratios increased did not agree with the previously reported [18]. It was also interesting to observe 
the obvious colour changes in system in this particular parameter as high concentration of N2H4 were used. 
Reaction process of each sample also can be judge by the colour of the synthesis system. Colour changes of all samples 
involved immediate colour changes from green to blue upon the addition of N2H4 to the mixture of Ni2+ and NaOH. As the 
reaction proceeded, green colour of solution were formed, and finally turned to black, indicating the reduction of Ni2+ to Ni. 
Immediate blue colour changes upon addition of N2H4 were possibly attributed the formation of Ni complexes with 
hydrazine [3]. Metal such as Ni and Co can easily form complexes with hydrazine at ambient temperature [20]. In the 
process of mixing all of reactants at room temperature, Ni2+ may react first with N2H4 in RT to formed Ni-complex. The 
complexes are very stable in alkaline mediums at room temperature but they can easily decompose as the temperature 
reaches a critical point [3]. However, the actual value of the temperature was no mentioned. Therefore in this experiment, 
Ni-complex can be assumed as the starting materials before heating. The colour of the solution changed to green as the 
heating started due to the formation of Ni(OH)2, as a result of Ni-complex decomposition when it reached temperature 
around 53-55˚C [15]. Therefore, synthesis of Ni may performed by the reduction of Ni2+ from the intermediate product of 
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Ni(OH)2 to form Ni, as illustrates in Fig. 4(a).  
 
 
 
Fig. 4. Schematic illustrate the production of Ni metal from (a) Ni complex to Ni(OH)2 and (b) when using excess hydrazine 
to produce mixture of Ni metal and Ni-complex 
 
 
4. Conclusions 
 
The below mentioned conclusions were withdrawn based on the work presented in this paper: 
x Spherical Ni nanoparticles with sizes range of 2 – 600 nm have successfully been prepared through polyol method 
with N2H4 as the reducing agent, NaOH as the pH regulator at reaction temperature of 60˚C. 
x XRD revealed all as-synthesized Ni nanoparticles were present as FCC structures with mixture of Ni-complexes 
when molar ratio of N2H4/Ni2+  = 30 was used . 
x Molar ratio of N2H4/Ni2+  has been found to play a important role in controlling the reaction rate 
x Although reaction rate increased with the increase of N2H4/Ni2+ molar ratio, degree of agglomeration also increased 
which is unfavourable in the preparation of Ni nanoparticles.  
x This finding may also be extended to the preparation of other nanoparticles especially magnetic nanoparticles 
where issue of agglomeration is crucial. 
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